Physiological pregnancy requires the maternal immune system to recognize and tolerate embryonic Ags. Although multiple mechanisms have been proposed, it is not yet clear how the fetus evades the maternal immune system. In this article, we demonstrate that trophoblast-derived thymic stromal lymphopoietin (TSLP) instructs decidual CD11c + dendritic cells (dDCs)with increased co- P hysiological pregnancy may be considered a successful embryo allograft (1) , in which the maternal immune system recognizes but does not reject paternal Ags expressed in the embryo. Several mechanisms for evading rejection by the maternal immune system have been proposed (2, 3) , and the following mechanisms are generally accepted. Trophoblasts do not express classical MHC molecules. However, nonclassical MHC molecules HLA-G, HLA-C, HLA-E, and HLA-F are expressed on most trophoblast populations (4) . HLA-G binds to the killing inhibitory receptor on NK cells and protects trophoblasts from NK cell-mediated attack. HLA-G may also protect the fetus from an allogeneic T cell response. The Th2 cytokine environment at the maternal-fetal interface protects trophoblast functions. In addition, immunoregulatory molecules, including IDO, IL-10, and TGF-b, are expressed at high levels at the maternal-fetal interface. Accumulating evidence supports the concept that regulatory T cells (Tregs) play important roles in establishing and maintaining active immune tolerance during pregnancy (3, (5) (6) (7) (8) . Tregs expand in the periphery and especially at the maternal-fetal interface in human and murine pregnancy (8) . The proportion of systemic and decidual Tregs (dTregs) was significantly lower in specimens from women with recurrent miscarriages compared with that in specimens from women with a normal pregnancy (8) . However, the source and function of Tregs during pregnancy remain unclear.
Generation and maintenance of Tregs require TGF-b-dependent de novo FOXP3 expression and function by target Ags (9) (10) (11) . Induction of Tregs by tolerogenic DCs has recently received more attention. Thymic stromal lymphopoietin (TSLP), a member of the IL-7 cytokine family, is selectively expressed in thymic epithelial cells of Hassall's corpuscles (12) . TSLP-activated dendritic cells (TSLP-DCs) induce differentiation of CD4 +
FOXP3
2 thymocytes into CD4 + FOXP3 + Tregs (12, 13) . Generating CD4 + CD25 + Tregs can be regarded as the "third function" of the thymus. However, thymic function is degraded in fertile women and further inhibited by steroid hormones during pregnancy. Thus, the thymus is unlikely to be the source of the high numbers of peripheral and dTregs found in pregnancy. Extrathymic generation of Tregs has been proposed and is involved in maternal-fetal tolerance (14) . First-trimester human trophoblasts secrete TSLP, and decidual CD11c + DCs express the TSLP receptor (TSLPR) (15 2 NK cells (16, 17) . Secretion of soluble HLA-G by early-stage embryos appears to be necessary for successful pregnancies and may be a marker for increased pregnancy rates by in vitro fertilization (16, 17) . In this study, using different cell cocultures, we investigated the origin of dTregs during early pregnancy in human beings. We identified a novel regulatory loop between embryo-derived trophoblasts and maternal immune cells in the decidua, which induces immune tolerance to facilitate a successful pregnancy.
Materials and Methods
Collection of human placental and decidual tissues during the first trimester of pregnancy All pregnancies were confirmed by ultrasound and blood tests, and were excluded from endocrine, anatomical, and genetic abnormalities, as well as infection. Tissues were immediately collected for the isolation of trophoblasts and decidual lymphocytes.
Immunohistochemistry
Immunohistological staining was performed as previously described (12) . Human deciduas were labeled with mouse anti-CD11c and sheep anti-TSLP Abs (R&D Systems). Slides were incubated with mouse anti-human TSLP overnight at 4˚C followed by anti-CD11c staining.
Isolation and culture of human trophoblasts
Trophoblasts were isolated by trypsin-DNase I digestion and discontinuous Percoll gradient centrifugation from pooled villi obtained from four to six different pregnancies, as previously described (15) . Cells were then seeded in tissue culture plates for further purification based on differential adherent velocity to eliminate adherent fibroblast cells and unattached leukocytes. This method supplies a 95% purity of trophoblast cells, as assessed by immunocytochemistry and flow cytometry (FCM) for cytokeratin 7 positivity, HLA-G positivity, and vimentin negativity (data not shown). Purified trophoblasts were seeded in a 24-well plate at 1 3 10 6 cells per milliliter. Supernatants from trophoblast culture were collected after 48 h, centrifuged at 2000 3 g, and stored at 280˚C.
Isolation and culture of decidual CD4 + T cells, DCs, and NKs
Decidual tissues (4-6 g) were cut and digested in RPMI 1640 supplemented with collagenase type IV (1.0 mg/ml, CLS-1; Worthington Biomedical) in 1% FBS for 80 min at 37˚C with gentle agitation. The suspension was filtered and enriched by discontinuous Percoll gradient centrifugation, as previously described (15 2 decidual NK (dNK) cells were purified with microbeads conjugated to anti-human CD56 mAb (Miltenyi Biotec). dNK purity was 95 6 6.5%, as measured by FCM with FITC-CD56, CD3-PE, and CD16-allophycocyanin.
dDCs were cultured for 24 h in media containing control, recombinant human (rh) TSLP (20 ng/ml; R&D Systems), rhIL-7 (50 ng/ml; PeproTech), LPS (10 mg/ml; Sigma-Aldrich), or trophoblast-derived supernatant.
Neutralizing anti-TSLP Ab (50 mg/ml; R&D Systems) was added to some culture.
DC and CD4
+ T cell coculture dDCs were cultured for 24 h in media containing rhIL-7 (50 ng/ml; R&D Systems), rhTSLP (20 ng/ml; R&D Systems), or supernatant with or without neutralizing anti-TSLP Ab (50 mg/ml; R&D Systems). Cells were collected and washed to remove soluble molecules, and then cocultured with 2 3 10 4 freshly isolated autologous decidual CD4 + CD25 2 T cells in round-bottom 96-well culture plates for 7 d. Neutralizing TGF-b1 (20 mg/ ml; R&D Systems) and/or IL-10 (2 mg/ml; R&D Systems) Abs or isotype control abs were added to individual wells. Increasing ratios of DCs to T cells were evaluated, and a 1:6 ratio was selected. In parallel experiments, isolated T cells were cultured with plate-bound anti-CD3 Ab (OKT-3; 5 mg/ml), soluble anti-CD28 (28.2; 1 mg/ml), and 20 U/ml IL- 
Flow cytometry
Cells were washed, treated with Fc-block (anti-CD16/CD32 Abs) for 15 min, and incubated with the appropriate fluorochrome-conjugated Abs for 30 min at 4˚C for cell surface staining. The Abs in this study were FITCconjugated mAbs against CD14, CD56, and CD80; PE-conjugated anti-CD3, CD86, and CD83; PerCP-conjugated anti-CD4; allophycocyaninconjugated anti-CD16, HLA-DR, and OX-40L; and PerCy5.5-conjugated anti-CD40 (eBioscience). FITC-conjugated anti-HLA-G (clone MEM-G9) was from Abcam. Cells were fixed and labeled according to the manufacturer's protocol for intracellular FOXP3, GATA3, HLA-G5, and cytokine staining. FITC-conjugated mAbs against human IFN-g, Alexa Fluor 488-conjugated anti-human FOXP3, PE-conjugated anti-human TNF-a, GATA3, and CD25, allophycocyanin-conjugated anti-human FOXP3, IL-4, IL-5, and IL-10, PerCy5.5-conjugated anti-human IL-4 Abs, or their corresponding isotype controls were used (eBioscience). HLA-G5-specific Ab 5A6G7 was obtained from Abcam. FCM analysis was performed on a FACScan machine with CellQuest Software (BD Biosciences). Postacquisition FACS data were analyzed with FCS Express version 3 (De Novo Software).
ELISA
Supernatants were collected from each group, centrifuged at 2000 3 g, and stored at 280˚C. IL-10, TGF-b1, IFN-g, TNF-a, and IL-12p70 concentrations were quantified in cell culture supernatants with cytokine-specific ELISA kits following the manufacturer's instructions (R&D Systems). ]-thymidine incorporation, as previously described (11) . Individual supernatants were collected to measure secreted IFN-g concentrations.
Suppressive functional assays

Matrigel invasion assay
Trophoblast invasion across Matrigel was evaluated objectively in an invasion chamber based on our previous procedure (18) . Cell culture inserts were precoated with Matrigel and placed in a 24-well plate. Trophoblasts (2 3 10 5 in 200 ml DMEM with 2% FBS) were plated in the upper chamber. Decidual CD4 + CD25 + Tregs (in different cell ratios of T/Tros) were plated in the upper chamber (direct cell contact) or in the lower chamber (indirect cell contact). Cells were preincubated with neutralizing Abs against TGF-b1 (20 mg/ml) or IL-10 (2 mg/ml) in some experiments. TGF-b1 (20 mg/ml) or IL-10 (2 mg/ml) Abs alone were used as controls. The lower chamber was filled with 500 ml DMEM with 10% FBS, and cells were incubated at 37˚C for 48 h.
Inserts were removed, and noninvading cells with Matrigel were removed from the upper surface of the filter by wiping with a cotton bud. The inserts were fixed and stained with hematoxylin. Cells were observed with an Olympus BX51tDP70 fluorescence microscope. Cells that migrated to the lower surface were counted at a magnification of 3200. Each experiment was carried out in triplicate and repeated three times independently.
Western blot
Purified primary trophoblasts were cultured in six-well plates alone or with native CD4 + CD25 + dTregs (Tregs/trophoblasts at a 1:4 ratio). Trophoblasts were harvested after 48 h of treatment. A total of 50 mg protein from each treatment group was separated on a 10% NaDodSO 4 polyacrylamide gel and transferred to polyvinyl difluoride membranes, which were blocked and then immunoblotted with mouse anti-HLA-G (1:500, clone 87G; BioLegend) and mouse anti-GAPDH (1:10000, KangChen) overnight at 4˚C. Bound Abs were visualized with peroxidase-conjugated secondary Abs (Santa Cruz Biotechnology), followed by detection with an ECL Kit (Pierce) on Las-300 (Fujifilm).
NK cytotoxicity assay
NK cytotoxicity was determined with the CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (G1780; Promega) following the manufacturer's instructions. dNK cells (effector cells; 100 ml) at concentrations of 2.0 3 10 6 /ml, 1.0 3 10 6 /ml, and 0.50 3 10 6 /ml were mixed with 100 ml K-562 cells 
Statistical analysis
All data are presented as mean 6 SEM. Significance of differences between two groups was determined by two-tailed t tests. Multiple groups were analyzed with GraphPad Prism version 5 by one-way or two-way ANOVA with Bonferroni posttests. For all statistical tests, p values , 0.05 were considered statistically significant.
Results
Trophoblasts activate dDCs by secreting TSLP
To investigate the action of trophoblasts on dDCs, we first examined the localization of CD11c + dDCs and trophoblasts within human decidua. We have found that clusters of dDCs are present at the decidual basalis around the spiral artery and in decidual gland epithelial cells where large amounts of invasive trophoblasts are present. This finding provides anatomical evidence that TSLPexpressing trophoblasts are in close association with dDCs at the maternal-fetal interface (Fig. 1A) .
We then examined the phenotypes of dDCs treated with rhTSLP or trophoblast-derived supernatant. As expected, dDCs expressed relatively low levels of cell surface molecules, such as CD40, CD83, CD80, CD86, HLA-DR, and OX-40L (Fig. 1B) . TSLP or trophoblast supernatant induced increased expression of these molecules above (Fig. 1B, 1C ). In addition, TSLP and trophoblast supernatants also stimulated dDCs to produce high levels of IL-10 and TGF-b1 instead of proinflammatory cytokines, such as TNFa, IFN-g, and IL-12p70 (Fig. 1D ), which was a unique feature of TSLP-mediated activation of DCs. Pretreatment with anti-TSLP neutralizing Ab significantly decreased the production of IL-10 and TGF-b1, which suggests that trophoblast-mediated activation of dDCs and subsequent production of IL-10 and TGF-b1 occur via TSLP secretion. Because trophoblasts themselves secrete high levels of IL-10 and TGF-b1 independently of TSLP signaling, pretreatment with anti-TSLP neutralizing Ab only partially decreased IL-10 and TGF-b1 secretion from supernatanttreated DCs (Fig. 1D) . TSLP-DCs in the thymic medulla are critical for stimulating differentiation of high-affinity autoreactive developing T cells into Tregs (11) . Therefore, we investigated whether TSLP-instructed DCs in decidua induced Treg differentiation. As shown in Fig. 2A 2 T cells at a 1:9 ratio. This ratio was selected because the original decidual CD4 + T population contained CD25 + and CD25 2 cells at approximately a 1:9 ratio (data not shown). These mixed cells were cultured together with TSLP-dDCs, and proliferation of the two populations was compared (Fig. 3A, 3B ). We found that decidual CD4 (Fig. 4B) .
Tregs are characterized by high levels of IL-10 and TGF-b1 production. Therefore, we investigated whether TSLP-dDCinduced dCD4 (Fig. 4C) . We previously showed that decidual T cells acquired a Th2 phenotype in response to TSLP-exposed dDCs (15 (Fig. 5) . GATA3, which is a specific marker of the Th2 phenotype and a critical transcription factor for Th2-type cell differentiation, was also expressed in ∼ 4% of CD4 + FOXP3 + T cells. In the parallel experiment, we analyzed the percentage of GATA3, IL-5, and IL-4 in CD4 + T cells that had been polarized to Th2 in vitro. The data in Supplemental Fig. 4 showed that polarization of Th2 was characterized by increased GATA3 expression (accounting for 8% in CD4 + T cells), which was accompanied by high percentages of IL-4 (∼29%) and IL-5 (∼74%) in CD4 + T cells. Distinct from the induction of FOXP3 expression in CD4 + T cells by TSLP-dDCs, the Th2-polarized CD4 + T cells expressed a very low percentage of FOXP3. Combining the current results with our previous study (15) , TSLP-DCs thus appear to induce the differentiation of naive T cells into Th2/Tregs.
TSLP-dDC-induced CD4 + CD25 + Tregs increase invasiveness of human trophoblasts
To investigate the possible regulatory role of TSLP-instructed dTregs in maternal-fetal crosstalk, primary trophoblasts were obtained and cocultured with dTregs at different ratios (E:T ratio). Proliferation of trophoblasts was not significantly affected after 48 h of coculture with dTregs (data not shown). In contrast, Tregs significantly enhanced invasiveness of primary trophoblasts at 1:0.125, 1:0.25, and 1:0.5 ratios of responder trophoblasts to dTregs compared with trophoblasts alone. This enhancement was greatest with the 1:0.25 cell ratio (Fig. 6A) . Because secretion of soluble cytokines, including IL-10 and TGF-b1, is one of the most important mechanisms involved in human Treg functions, we examined whether these cytokines were key regulators of trophoblast invasiveness. Addition of anti-IL-10 neutralizing Ab significantly inhibited Treg-mediated invasion of trophoblasts (Fig. 6B) . Surprisingly, pretreatment with the anti-TGF-b1 neutralizing Ab remarkably increased trophoblast invasiveness. These results indicate that Tregs might induce trophoblast invasiveness by secreting IL-10 and may prevent excessive invasion of trophoblasts by secreting TGF-b1.
Cell contact between Tregs and responder cells appears to be necessary for Treg-mediated suppression. So we further investigated whether enhanced invasiveness of human trophoblasts by dTregs occurs by the same mechanism. We used a well-established system for direct and indirect cell cocultures. Coculture with Tregs increased the invasive index of trophoblasts with both indirect and direct cell contact ( Fig. 6C ; p , 0.01, p , 0.001). The invasive index was higher in the coculture that allowed direct cell contact in comparison with that observed in the indirect cell contact coculture (p , 0.05). These data suggest that both cell surface molecules and soluble cytokines are involved in Treg-mediated trophoblast invasion.
Decidual CD4 + CD25
+ Tregs upregulate HLA-G expression in human trophoblasts HLA-G expression in trophoblasts is believed to be a fundamental prerequisite for promoting trophoblast invasion and maintaining local immune tolerance during pregnancy. We investigated then whether Tregs at the maternal-fetal interface could regulate HLA-G expression in trophoblasts. Trophoblasts were isolated and cocultured with Tregs at a 4:1 ratio. Western blots with the 87G Ab, which recognizes HLA-G1 and HLA-G5, showed that HLA-G expression in trophoblasts was significantly increased by coculture with Tregs (Fig. 7A) . These data suggest that CD4 + CD25 + Tregs may upregulate HLA-G expression in trophoblasts. Expression levels of membrane-bound HLA-G1 and intracellular HLA-G5 in trophoblasts were confirmed by FCM with MEM-G9 and 5A6G7 Abs. Although the percentage of trophoblast cells positive for either HLA-G1 or HLA-G5 was not affected by dTreg treatment (data not shown), dTregs slightly upregulated the mean fluorescence intensity (MFI) of membrane-bound HLA-G1 and markedly increased the MFI of intracellular HLA-G5 in trophoblasts (Fig. 7B) .
+ Treg-upregulated HLA-G in trophoblasts is involved in modulating dNK cell function during early pregnancy HLA-G expressed by human trophoblasts plays a key role in regulating dNK functions (16, 17) . We investigated whether CD4 + CD25
+ dTregs regulate dNK cell function via upregulating HLA-G expression in trophoblasts. The cytotoxicity of dNK cells significantly decreased when cocultured with trophoblasts (p , 0.01) (Fig. 8A ). This effect was particularly robust in dTreg-instructed trophoblasts (p , 0.001). Treatment with a neutralizing Ab against HLA-G (clone 87G, which recognizes both HLA-G1 and HLA-G5 isoforms) abrogated this decrease in cytotoxicity (p , 0.05, p , 0.01). Furthermore, Treg-instructed trophoblasts increased expression of Th2 cytokines IL-4 and IL-10 but inhibited expression of the Th1 cytokine TNF-a in dNK cells (Fig. 8B) . However, human trophoblasts in the absence of Tregs had no significant influence on cytokine expression in NK cells. Of interest, the HLA-G neutralizing Ab did not significantly reverse CD4 + CD25 + dTregmediated cytokine regulation of trophoblasts. Therefore, other molecules may modulate production of cytokines by dNK cells in response to Treg-instructed trophoblasts (Fig. 8B) .
The cross-talk between embryonic trophoblasts and decidual leukocytes in human first-trimester pregnancy In summary, our data described an interactive cross-talk and feedback between embryo-derived trophoblasts and maternal leukocyte subsets at the maternal-fetal interface, contributing to maternal-fetal immunotolerance and placental growth and development (Fig. 9) . TSLP secreted by human trophoblasts instructs dDCs and then induces generation of decidual CD4
+ Tregs in early pregnancy. These cells in turn inhibit proliferation and IFN-g secretion from CD4
+ CD25 2 T cells and increase invasiveness and HLA-G expression in trophoblasts. These alterations decrease cytotoxicity of decidual CD56 bright CD16 2 NK cells and increase expression of inhibitory cytokines. All these are beneficial to maintenance of normal pregnancy.
Discussion
In (19) (20) (21) . TSLP was first identified in conditioned media from mouse thymic stromal cell cultures (22) . As a member of the IL-7 cytokine family, TSLP is expressed primarily by barrier epithelial cells. TSLP expression by thymic epithelial cells of Hassall's corpuscles potently activates human myeloid DCs, which can potently induce homeostatic expansion of naive CD4 + T cells (12) . TSLP produced by medullary thymic epithelial cells contributes to FOXP3 expression and Treg maturation (13) . Increasing numbers of studies have shown that TSLP plays roles in the Th2 response and progression of allergic diseases (23) (24) (25) .
Pregnancy is a unique situation in which the allogeneic fetus is actively tolerated by the maternal immune system. Trophoblasts can influence the immune system during pregnancy by expressing soluble and cell surface molecules, such as HLA-G (16, 17) , IDO (26) , and noninflammatory cytokines (27, 15) . These molecules can limit proliferation and activation of T cells, APCs, and NK cells in deciduas. Pregnancy induces T cell anergy by selectively stimulating accumulation of maternal CD4 + FOXP3 + T cells with fetal specificity (28) . CD4 + CD25
+ Tregs play a major role in preventing autoimmunity and tolerating allogeneic organ grafts (29) . Increasingly, data indicate that Tregs play key roles in mediating intrauterine survival of the fetus (5) (6) (7) (8) . Indeed, many studies have shown that Tregs are critical for normal pregnancy. For example, an absence of Tregs impairs murine pregnancy, whereas adoptive transfer of Tregs prevents fetal rejection (30) . CD4 + CD25 + T cells are expanded at the maternal-fetal interface and in the peripheral blood. The percentage of CD4 + CD25 bright T cells was higher in decidual tissue than in peripheral blood. In humans, pregnancy wastage has been associated with reduced Treg levels, and therapy to increase Tregs improves pregnancy outcomes (6, 8) . Fetalspecific Tregs maintain tolerance to pre-existing fetal Ags after delivery and rapidly reaccumulate during subsequent pregnancy. Thus, pregnancy imprints CD4 + FOXP3 + T cells, which sustain protective regulatory memory to fetal Ags (28) . Functional studies have shown that Tregs can regulate immune responses directly at the maternal-fetal interface (8) . Tregs also create a tolerant microenvironment by interacting with DCs and NK cells and inducing expression of immune regulatory molecules, such as TGF-b, LIF, or HO-1 directly at the maternal-fetal interface (31) . The present study demonstrates that decidual CD4 + CD25 + Tregs that are produced in decidua modulate dNK cell tolerance via trophoblasts.
The human maternal-fetal interface is characterized by intimate contact between the maternal decidua and extravillous cytotrophoblasts that invade the decidua. Trophoblasts play central parts in the development and maintenance of a successful pregnancy, as they modulate maternal immune cells to tolerate the fetus (32) (33) (34) (35) (36) (37) . Invasive trophoblasts encounter maternal immune cells, particularly NK cells, which aid in uterine tissue invasion and remodeling of uterine spiral arteries (36) . During these processes, HLA-G is thought to play a vital role in the maintenance of maternal-fetal tolerance. The HLA-G gene encodes two isoforms, which are membrane-bound HLA-G (HLA-G1, HLA-G2, HLA-G3, and HLA-G4) and soluble HLA-G (HLA-G5, HLA-G6, and HLA-G7). Soluble HLA-G1 is produced by metalloproteinase-dependent shedding. Both isoforms are present at the placental interface on trophoblasts except for HLA-G7, and the HLA-G1 and HLA-G5 are the most frequently observed. HLA-G was described as a key physiological mediator of maternal-fetal tolerance (38) (39) (40) (41) . HLA-G inhibits multiple immune cell functions, including cytolytic functions of uterine and peripheral blood NK cells, Ag-specific cytolytic functions of cytotoxic T lymphocytes, allo-responsiveness of CD4 influence induction of DC tolerance (44) . HLA-G-expressing DC-10 and CD4 + T cells accumulate in human deciduas during pregnancy (45) . In addition to direct inhibition of these immune functions, HLA-G promotes long-term tolerance by inducing Tregs (46) (47) (48) . Decreased HLA-G expression may induce immune destruction of extravillous trophoblasts. Abnormal HLA-G expression may also play a pathogenetic role during pregnancy-related complications (49) . Our study revealed a novel role for dTregs in HLA-G upregulation and improved invasiveness of trophoblasts. Furthermore, dTreg-instructed trophoblasts can modulate NK cells toward a tolerant phenotype with reduced cytotoxicity, and increased inhibitory Th2 cytokines.
Secreted suppressor cytokines, such as IL-10 and TGF-b, and cell contact-mediated suppression by an uncharacterized membrane molecule are involved in the regulation of Tregs (50, 51) . Our data showed that CD4 + CD25 + Tregs significantly increased the numbers of cells that invaded the lower well in both direct and indirect cell contact conditions. Of note, trophoblast invasiveness in the direct cell contact coculture was much higher than in the indirect cell contact Transwell. Treg cell surface molecules and soluble cytokines contribute to enhanced trophoblast invasion. Further, treatment with IL-10 neutralizing Ab significantly inhibited basal and Treg-induced trophoblast invasiveness. Surprisingly, the TGF-b1 neutralizing Ab dramatically augmented trophoblast invasiveness with or without Treg coculture, which was completely opposite to the effect of TGF-b1 on tumor cells. Embryonic trophoblasts are physiological cells that invade maternal decidua temporally and spatially; it is not difficult to understand the discrepancy when considering the context. Our study suggests that trophoblasts promote invasion by secreting IL-10 and simultaneously inhibit excessive invasion by secreting TGF-b1. dTregs may enhance this effect to ensure fetal nutrition and protection of the uterine wall against trophoblast overinvasion. In fact, Fig. 6 showed that blockade of TGF-b1 in trophoblasts dramatically increased migration with a minor additional effect when dTregs were added. Our unpublished data (S.-C. Wang, H.-L. Piao, Y. Tao, M.-R. Du, and D.-J. Li) also show that . 90% of primary trophoblasts are TGF-b + , and ∼ 70% of dTregs express TGF-b. TGF-b secretion from primary trophoblasts was slightly higher than from dTregs. Thus, TGF-b secretion from trophoblasts might be the major player. However, the interplay between trophoblasts and Tregs is complex. Future studies will clarify the cellular source of TGF-b important for limiting trophoblast invasiveness by inhibiting TGF-b specifically in dTregs or trophoblasts.
In conclusion, our results show that trophoblasts activate dDCs through secretion of TSLP, resulting in differentiation and expansion of CD4 + CD25 + FOXP3 + Tregs. These expanded CD4 + FOXP3 + Tregs suppress the maternal immune response and boost trophoblast performance, both of which are crucial for maintaining a successful pregnancy (Fig. 9) . Combined with the previous reports of decreased levels of TSLP/TSLPR at the maternal-fetal interface during miscarriage and lower Treg numbers and Th2 cytokine production in the deciduas from miscarriage (15, 50) , our study might be helpful in understanding the mechanism of maternal-fetal immunotolerance and may supply a potential immunotherapy for miscarriage in human beings. However, the trophoblast cell number from one villus is far less than we need for one experiment. We pooled trophoblast cells isolated from several different pregnancies and used them to coculture with immune cells, which does not resemble the situation in a single pregnancy in vivo. The theoretical limitations existing might, in a way, affect the interpretation of our results that needs optimization of the experimental settings in future. The interaction between decidual immune cells and embryo trophoblasts needs further investigation by establishing cell coculture systems using cells from the same pregnancy.
